There have been few prospective studies relating diet to pancreatic cancer, with most having fewer than 100 cases and only one examining dietary nutrients. The authors prospectively examined dietary factors hypothesized to be associated with exocrine pancreatic cancer in the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study cohort in Finland. Of the 27,111 male smokers aged 50-69 years with complete dietary information, as ascertained from a self-administered dietary history questionnaire given at baseline (1985)(1986)(1987)(1988), 163 developed pancreatic cancer from 1985 through November 1997. Cox proportional hazards models were used to estimate smoking-and age-adjusted hazard ratios and 95% confidence intervals. Energy-adjusted butter consumption and saturated fat intake were positively associated with pancreatic cancer (highest quintile vs. lowest: hazard ratio (HR) = 1.40, 95% confidence interval (CI): 0.87, 2.25 (p trend = 0.04), and HR = 1.60, 95% CI: 0.96, 2.64 (p trend = 0.02), respectively). Energy intake and energy-adjusted carbohydrate intake were inversely associated with the disease (highest quintile vs. lowest: HR = 0.62, 95% CI: 0.36, 1.07 (p trend = 0.05), and HR = 0.62, 95% CI: 0.37, 1.03 (p trend = 0.02), respectively). These results support the hypothesis that a high intake of saturated fat may increase the risk of pancreatic cancer in smokers, while greater intakes of energy and carbohydrate may reduce the risk. Am J Epidemiol 2002;155:783-92. 
(ATBC Study) cohort, a Finnish cohort of older male smokers (8, 9) . In the present study, we examined other dietary factors thought to be associated with pancreatic cancer in this large prospective cohort of high-risk individuals.
MATERIALS AND METHODS
The ATBC Study was a placebo-controlled, doubleblinded primary prevention trial with a 2 × 2 factorial design that tested the hypothesis of whether α-tocopherol or β-carotene supplementation would reduce the incidence of lung cancer in male smokers (10) . Between 1985 and 1988, 29 ,133 eligible men aged 50-69 years in southwestern Finland who smoked at least five cigarettes per day were randomized to receive supplements (50 mg/day of α-tocopherol, 20 mg/day of β-carotene, or both) or placebo. Criteria for exclusion from the study included a history of malignancy other than nonmelanoma cancer of the skin or carcinoma in situ, severe angina upon exertion, chronic renal insufficiency, liver cirrhosis, chronic alcoholism, receipt of anticoagulant therapy, other medical problems which might limit long-term participation, and current use of supplements containing vitamin E (>20 mg/day), vitamin A (>20,000 IU/day), or β-carotene (>6 mg/day). The trial ended on April 30, 1993 , and follow-up continued after randomization for the present study until death or through November 1997. This represents follow-up of up to 13 years (median, 10.2 years) and totals 260,006 person-years of observation. The study was approved by the institutional review boards of both the US National Cancer Institute and the Finnish National Public Health Institute, and all study participants provided written informed consent prior to the study's initiation. Details on the study's rationale, design, and methods have been published previously (10) .
Baseline characteristics, smoking, and dietary factors
At their baseline visit, the study participants completed questionnaires on general background characteristics, including medical and dietary history and smoking. For 10 subjects with incomplete data on years of smoking, we estimated years of smoking by subtracting the subjects' age at which they started smoking from their age at randomization.
Diet was assessed with a self-administered dietary history questionnaire, which determined the usual portion size and frequency of consumption during the previous year of over 200 food items, using a color picture booklet as a guide for food items and portion sizes (10) . The questionnaire was linked to the food composition database of the National Public Health Institute in Finland. The dietary history questionnaire was designed for the ATBC Study, and its correlation coefficients for nutrients and foods ranged from 0.40 to 0.80 for validity (intermethod reliability) and from 0.56 to 0.88 for reliability (11) .
Case ascertainment
Cases were ascertained from the Finnish Cancer Registry, which provides almost 100 percent case ascertainment in Finland (12, 13) . All relevant medical records for reported incident cases of pancreatic cancer were reviewed independently by two study physicians (10) . Only cases confirmed by the study physicians as incident primary malignant neoplasm of the exocrine pancreas (International Classification of Diseases, Ninth Revision, Clinical Modification code 157) (14) were used for the present analysis. Eighty percent of these confirmed cases had a histopathologic diagnosis assigned centrally by the study pathologists after examination of pathologic and cytologic specimens (10) . Since their etiology may be different from that of the exocrine tumors, islet-cell carcinomas (International Classification of Diseases, Ninth Revision, Clinical Modification code 157.4) (14) were excluded. There were 174 confirmed cases of exocrine pancreatic cancer; 163 of these subjects had completed the dietary questionnaires at baseline. The 163 case subjects with dietary data formed the basis for this report.
Statistical analysis
Only subjects with complete dietary data (n ϭ 27,111) were included in the analyses. Nutrients and foods examined in previous studies (3, 15, 16) and/or hypothesized to be associated with pancreatic cancer (e.g., folate-containing foods) were included in this analysis. Factors were analyzed both as continuous variables (g/day) and as categorical variables, with quantiles for the latter being based on the distribution of each variable in the entire cohort. Trends across categories were tested using a calculated score variable based on the median values of the categories. For foods that were consumed by less than 20 percent of the cohort, categories were created using zero intake as the reference point. Cutpoints for the quantile categories of food and nutrients are listed in the Appendix. Food groups used in the analysis were based on all foods represented in the dietary history questionnaire and reflected Finnish cuisine.
Spearman correlations were calculated for assessment of correspondence between the study variables in the cohort. Because many of the dietary intake variables of interest were highly correlated with energy intake, data on all foods and nutrients (except coffee and tea, which were not correlated with energy) were energy-adjusted using the residual method described by Willett and Stampfer (17) . In order to preserve the linear model assumption for the energy-adjustment regression, we individually transformed values for energy intake, foods, and nutrients to normalize the data, the most common transformation being the fourth power. The results of nutrient analyses presented in this paper are for dietary intake only, because only a small proportion of the cohort reported using supplements for the nutrients examined (range: from <1 percent for retinol to 12 percent for vitamin C).
Because many of the variables had skewed distributions, we used the nonparametric Wilcoxon rank sum test for continuous variables and the chi-squared test for categorical variables to compare the distribution among the cases with that among the noncases. Hazard ratios and 95 percent confidence intervals were determined using Cox proportional hazards models. All multivariable models were adjusted for age at randomization and years of smoking, although none of the smoking variables (years of smoking, number of cigarettes smoked per day, pack-years of smoking) confounded the risk estimates. Other variables were added to individual models in a stepwise fashion; they were included in the individual models if they were associated with both the disease and the risk factor, had a chi-squared p value ≤ 0.20 in the full model, changed the risk estimate by at least 10 percent, or increased the precision of the risk estimate by narrowing the range of the confidence intervals. Additional variables examined in the analyses included ATBC trial interventions; dietary folate, saturated fat, and carbohydrate intakes; history of diabetes mellitus; occupational physical activity; and education. All statistical analyses were performed using SAS software (SAS Institute, Inc., Cary, North Carolina), and statistical tests were two-tailed.
RESULTS
Selected characteristics of the case and noncase subjects are shown in table 1. Food and nutrient intakes are shown in tables 2 and 3, respectively. Compared with noncases, cases were significantly older, had more years and pack-years of smoking, had greater energy-adjusted intakes of butter, fat, and saturated fat, and had less intake of energy and energyadjusted sour milk products. Cases also tended to have a greater cream intake and a lower carbohydrate intake. The median interval between the baseline dietary questionnaire and pancreatic cancer diagnosis was 6.4 years (range: 0.06-12 years), and the median age at diagnosis for the cases was 64 years (range: 50-78 years). Tables 4 and 5 present results from the multivariable proportional hazards models predicting pancreatic cancer hazard ratios for dietary food groups and nutrients, respectively. Because the trial interventions (α-tocopherol and β-carotene supplementation), carbohydrate intake, education, diabetes mellitus, and physical activity did not confound the hazard ratios, results from models that adjusted for these factors are not presented. Increasing energy-adjusted butter consumption and saturated fat intake showed significant trends for greater pancreatic cancer risk, while energy and carbohydrate intake showed significant inverse trends, although individual risk estimates within quantiles had confidence intervals that overlapped 1. Energy-adjusted cream consumption and fat intake showed borderline positive trends for cancer risk. Energy-adjusted butter intake was highly correlated with energy-adjusted saturated fat intake (r ϭ 0.76). Supplementation with any of the nutrients was not significantly related to pancreatic cancer (data not shown). The risk estimates for butter, cream, energy, carbohydrate, fat, and saturated fat were proportional over time.
DISCUSSION
This analysis of the ATBC Study cohort showed significant positive trends for pancreatic cancer with energyadjusted butter consumption and saturated fat intake, as well as significant inverse trends with energy and carbohydrate intake. Although they were not statistically significant, positive associations with cream and total fat intake were also observed.
The strength of this study was its large prospective nature. It had a greater number of cases than most other prospective studies examining diet and pancreatic cancer and thus provided greater power for detection of differences in risk factors. Our dietary data were of good quality and were collected before the development of disease (median, 6.4 years), which eliminated recall bias and made the data less likely to represent dietary changes due to latent disease. We were also able to examine detailed information on food consumption and nutrient intake and to adjust for energy intake and other potential confounders.
Energy-adjusted saturated fat intake accounted for most of the association between fat and pancreatic cancer; it was associated with a 60 percent excess risk (highest quintile vs. lowest), with a significant trend across quintiles. The observed positive associations with foods containing high amounts of saturated fat (i.e., butter and cream) reinforce the nutrient findings. To our knowledge, no other prospective cohort study has examined the relation between fat intake and pancreatic cancer, and results from case-control studies that have examined this relation are inconsistent. A large collaborative population-based case-control report on pancreatic cancer comprising 802 cases from five studies conducted in Australia, Canada, Poland, and the Netherlands (Surveillance of Environmental Aspects Related to Cancers in Humans (SEARCH)) found an overall nonsignificant inverse association with energy-adjusted total fat intake (18, 19) . At three sites, significant inverse associations were reported (19) , and at the other two sites a nonsignificant inverse association and a significant positive association were reported (19) (20) (21) . For energy-adjusted saturated fat, the large pooled report showed a nonsignificant inverse association (18, 19) ; two sites showed significant inverse associations, one site showed no association, and two sites showed nonsignificant positive associations (19, 21) . Compared with those reported in the pooled analysis (19) , the results from the individual SEARCH site reports (20, (22) (23) (24) for fat and saturated fat differed somewhat, but the data were analyzed differently (use of continuous nutrient variables and/or the nutrient variables' not being adjusted for as many factors). Of the other five case-control studies that have examined diet and pancreatic cancer, two have found significant inverse associations with either energy-adjusted total fat or energy-adjusted saturated fat in men (16, 25) , one found a significant positive association with total fat (19, 26) , and two showed no association with energy-adjusted total or saturated fat (27, 28) . The lack of consistency in these studies probably reflects the difficulties and biases associated with collecting dietary data from persons with this rapidly fatal gastrointestinal cancer (including selection bias, use of surrogate responses, and recall bias), as well as differences in analytical approach. In particular, the inverse fat associations in a large proportion of the casecontrol studies may have been observed because cases changed their diets in response to symptoms of the disease. This could occur among subjects with pancreatic cancer, particularly with regard to fat intake, since fat malabsorption and diarrhea could result from a diseased pancreas. Although attempts are made in case-control studies to collect information on diet prior to the appearance of disease symptoms, recent intake exerts a powerful influence on the accuracy of dietary recall (29, 30) . Energy intake and energy-adjusted carbohydrate intake were associated with decreased pancreatic cancer risk in a dose-response manner in our study. Three case-control studies (25) (26) (27) have shown inverse associations with energy intake (one being statistically significant (26)), although the majority of studies have shown positive associations (16, (18) (19) (20) (21) (22) (23) (24) 31) , with odds ratios in the range of 1.5-2.0 for the highest quartile versus the lowest. The pooled SEARCH study observed positive associations between energy and pancreatic cancer in both men and women that were accounted for primarily by carbohydrate intake (continuous odds ratio ϭ 1.67, 95 percent confidence interval: 1.25, 2.24) (18). Other case-control studies have shown no consistent association between carbohydrate intake and pancreatic cancer (16, 25, 28) , and one showed a significant inverse association (26). Silverman et al. (16) , in a large case-control study that attempted to collect data on usual dietary intake and weight prior to symptoms of illness, observed a statistically significant interaction between body mass index (weight (kg)/height (m) 2 ) and total caloric intake, such that persons in the highest body mass index and caloric-intake quartiles tended to have a 70 percent greater risk than those in the lowest quartiles. However, the majority of retrospective case-control studies, including those showing positive associations with energy intake (3, 18, 21, (31) (32) (33) (34) , have shown no association with body mass index. Interestingly, of studies that have examined the relation between energy intake and colon cancer, another gastrointestinal cancer, many prospective investigations have similarly found inverse associations with greater energy intake, while case-control studies have observed positive associations (35) . The inverse association observed in some of these prospective studies may be explained by the greater energy intake associated with energy expenditure from greater physical activity (36) , which is protective against colon cancer (36) . Although physical activity did not confound our risk estimates, it was crudely measured in our study, and energy may be a marker for greater activity. These facts, coupled with our findings, may indicate that excess energy intake in case-control studies may be related to a higher metabolic rate due to the disease or systematic overreporting of energy intake by cases (3).
The associations we observed with fat and saturated fat were independent of energy and carbohydrate intake. The mechanisms that may explain our findings regarding fat are speculative. Interestingly, animal studies have found that polyunsaturated fat (ω-6 fatty acids) enhances pancreatic cancer risk more than saturated fat, while many epidemiologic studies have found the reverse (37) . Rodents fed highfat diets have a greater incidence of pancreatic tumorigenesis than rodents fed low-fat diets with a similar caloric content, which suggests that the effects of fat may involve more than the effect of caloric density (37, 38) . Saturated fats, in particular, are more readily stored than carbohydrate and protein, are less efficiently oxidized for energy, are inadequately mobilized by lipolytic stimuli, and increase the expression of genes associated with adipocyte proliferation (39) . These unique aspects of energy obtained from fat may account for its cancer-promoting effects (40) . In rats, moderate caloric restriction protects against promotion of carcinogenesis in azaserine-induced pancreatic tumors (41, 42) . The fact that our energy-adjusted fat associations were independent of energy intake may argue against this, however. In addition, fats and fatty acids in chyme entering the duodenum stimulate the release of cholecystokinin, and chronic cholecystokininemia in rodents stimulates pancreatic enzyme secretion, hypertrophy, and hyperplasia and increases the susceptibility of the pancreas to carcinogens (43, 44) . Fat and saturated fat could also potentially increase insulin resistance (39, (45) (46) (47) (48) , which may play a role in pancreatic cancer development, as suggested by the association with diabetes mellitus (15) . Increasing the saturated fatty acid content or decreasing the polyunsaturated fatty acid content within cell membranes through diet adversely alters insulin binding and responsiveness (46) . Finally, our associations with pancreatic cancer were observed with high-fat dairy products, and fatsoluble organochlorine compounds are potential contaminants of food (especially foods with a high fat content, such as butter and cream) that persist in the environment, are stored long-term in adipose tissue, and have been associated with pancreatic cancer in some studies (49) (50) (51) (52) . Use of organochlorine compounds has been limited in Finland; the pesticide p, p′-dichlorodiphenyltrichloroethane (DDT) was banned in the early 1970s, and use of polychlorinated biphenyls was almost nonexistent during the mid-1980s (53) . Given the older age of the ATBC population, however, it is possible that the butter and cream intakes quantified by our dietary questionnaire also reflected earlier intake from a time when organochlorine compounds were present at higher concentrations in these foods.
Limitations of our study include the lack of generalizability to other populations, measurement error, and the range of dietary intakes. Because the subjects in this study were older male smokers (e.g., a group at high risk of pancreatic cancer), our results may not be generalizable to nonsmoking populations. Smokers tend to be less well nourished for many nutrients as a result of poorer-quality diets and the direct antinutrient effects of cigarette smoke (54) . Energy and carbohydrate intake in our study may be markers for greater nutrient intake and better nutritional status, since energy and carbohydrate are correlated with many nutrients, and their combined effect may additionally explain the protective association that we observed. Dietary data do not necessarily reflect absorbed or biologically active dose and may contain measurement error from nutritional assessment * All nutrient intakes were adjusted for energy intake by the residual method and for age and years of smoking. † Reference category. ‡ HR, hazard ratio; CI, confidence interval. § Additionally adjusted for energy-adjusted folate intake. ¶ Additionally adjusted for energy-adjusted saturated fat intake.
techniques and nutrient databases, and in our study, subjects could potentially have changed their diets since baselineall of which could attenuate risk estimates. However, the dietary history instrument used in this study is of high quality (11) , and heavy smokers (>15 cigarettes/day) with low levels of education are less likely to make healthy dietary changes (55) (56) (57) (58) . Saturated fat may be correlated with carcinogens (i.e., heterocyclic amines and polyaromatic hydrocarbons) in foods not quantified in our dietary data. However, this seems unlikely, because foods that are very high in saturated fat (cream and butter) were related to pancreatic cancer, while meats that may contain mutagens as well as saturated fat were not. Finally, the range of intakes for some nutrients (i.e., sodium, polyunsaturated fat) may have been too narrow in our population or may have been above or below a threshold needed to observe an association if one existed.
In conclusion, we observed positive associations for pancreatic cancer with intakes of butter, fat, and saturated fat, as well as modest inverse associations with energy and carbohydrate intake, in a cohort of smokers. Given the high-quality prospective nature of our dietary data, this study is among the strongest to have examined the diet-pancreatic cancer relation thus far. With the exception of energy intake, our findings are consistent with present guidelines for a healthy diet. Diet is a potentially modifiable factor in the prevention of pancreatic cancer, and modification of diet may particularly benefit smokers, who are at higher risk of the disease. More studies examining dietary factors in cohorts with good-quality dietary measures are needed for better elucidation of the role of diet in the etiology of pancreatic cancer.
